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PREFACE

This report is the first in a series to be published at six-
month intervals describing the literature of computer-assisted
instruction (CAI) as it has been compiled by ENTELEK under contract
Nonr-4757(00). This report covers approximately one hundred docu-
ments abstracted prior to December 31, 1965. Obviously, the CAI
literature is more extensive and it is hoped that subsequent reviews
will be more nearly representative of the whole. '

The contents of the report are organized according to the key
word organization of the ENTELEK CAI information exchange. Cita-
tions given are the serial numbers assigned to documents in the
ENTELEK system.

The section of this report dealing with interface equipment was
written by John M. Newton. Albert E. Hickey is responsible for the
balance of the report. The authors are indebted to Drs. Glenn Bryan
and James Regan of the Personnel and Training Branch, Oiffice of
Naval Research, who have constructively monitored the general develop-
ment of the system from its inception.
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I. APPLICATIONS

A. SUBJECT MATTER

Appendix A lists 41 references to CAI programs in mathe-
matics and statistics, history, languages, science, economics,
accounting, engineering, compnuter technoiogy, reading, games,
and industrial and military skills. These 41 citations, howeyer,
describe about 20 distinct programs, few of which are more than
three study-hours in duration.

Potential application of autornated instruction.to other sub-
jects is also discussed in the literature. For example, in an
experiment on the discrimination learning of smoothness of machined
metal surfaces, Mager and Clark (63-901) demonstrated the possi-
bility of teaching non-objective responses; including judgements of
social or nonsocial stimuli, value, and attitudes.

B. OTHER APPLICATIONS

Automated instructional systems have also been used for
purposes other than instruction. Pines (65-502) reports that the
Edison Responsive Environment has demonstrated therapeutic value
for autistic children.

The Control Systems Laboratory at the University of Illinois
has investigated a textbook tester that will permit an ordinary text-
book to be entered into the PLATO system and a complete recoxrd
kept of the student's work studying it (64-1202). Analysis of students'
use of the text will indicate necessary text revisions and these can be
made and tried out immediately.

Feurzeig (64-804) believes the Socratic System has potential
value in areas other than teaching, e.g., pianning, testing, inter-
viewing, and monitoring. Stolurow (64-1101) has reported on an
adaptive retrieval system for use with abstracts. Retrieval strategies
adopted by the system are dependent on the user's response to ab-
stracts.
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II. SYSTEMS
A. SYSTEMS ANALYSIS

Systems analysis refers tc the construction of models and
procedures to optiraize scme function of tie variables involved in
the model. The function may be learvaing.

Stolurow (65-702) believes a general cybernetic model of
an instructional system has seven components: input (display to
the learner), learner, output (learner response), performance
standards, comparator (comparison of output with standard), library
and feedback. He has outlined the variables associated with each
component.

SOCRATES is an operationzl model of the instructional
process as seen by Stolurow {65-702, 64-901). The model is ideo-
morphic in that it considers the learner's characteristics as assessed
before instruction and is also adaptive during instruction.

Mayer (64-902) views the trainee and instructor as operators
within an information system and proposes a model for use in the
application of human engineering principles and techniques to the
design of instructional systems. '

Egbert and Cogswell (64-202) examine a plan for a Continuous
Progress School (CPS) being developed at the Brigham Young Univer-
sity Laboratory School and use the data for systems analysis and
simulation to construct an explicit descriptive model of a future CPS.
In another report (64-303) the same authors outline the use of systems
analysis and computer simulation in investigating the effects of
innovations and adjustments in school curricula.

B. COMMON SYSTEM CHARACTERISTICS
1. Time-Sharing
To be economical, large computer-assisted instructional systems |

must service many students at once. Thus, time-sharing is an import-
ant requirement.
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"A computer-based teaching system has a number of student
stations tied to one central, general purpose, high-speed computer.
With such a time-sharing system, the decision-making and computa-
tional power of the central processor can be hairnessed to provide
for sophisticated automatic teaching techniques (Braunfeld, 62-802)."
Due to the speed of the commruter, a given student is seldom conscious
of the fact that other persons are being serviced by the system.

Lochner (65-903) describes time-sharing in the Dartmouth
College system. Xquipment consists of a GE-235, a Datanet-30 Com-
munications Controller, and a duzl-access disc file, The D-30 is the
master computer and schedules all nontrivial operations in the 235,
In addition, the D-30 handles input/output from and to the teletypes,
allocates and releases disc space, and analyses and responds to user
commands. Lochner includes ideas on optimizing the use of a time-
shared system.

Feurzeig (64-601) sees time-sharing of the computer as the
way to make the BBN Socratic System, with its extensive vocabulary
and logic requirements, economically feasible. In other papers
(64-804, 64-803) he describes the use of time-sharing in the Socratic
System to evaluate ''collaborative time-sharing.'" An experiment was
run in which six subjects, sitting at separate consoles, worked together
‘on a probiem. They did somewhat better through collaboration than
each would likely have done individually.

In 1963 the PLATO I system at the University of Illinois
Coordinated Science Laboratory. was replaced by PLATO II which
was used to study problems of time-sharing. Now PLATO III, based
on a CDC 1604, is capable of controlling 1000 student stations, although-
20 was set as an initial goal (64-1202).

In a manual (64-001), IBM explains that, with proper equipment,
the IBM 1401 or 1440 operating system used for computer-assisted
instruction may be time-shared so that it can simultaneously teach up
to five courses, using up to 12 typewriter stations.

In Russia, the Radon complex at the Academy of Sciences of
the Ukrane uses the general purpose UMShN computer with up to 25
student terminals (64-201). Expansion of the time-sharing system
will allow it to teach 120 to 150 students as many as four different
subjects simultaneously.
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4



Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6

An advanced application of time~-sharirg is planned in a coaxial
comi’nunity cable network that wiil connect 10,000 homes in Columbia
City, Maryland, to a community digital computer (65-603). The system,
which will enable the near simultaneous use of the computer by 5000
people, is being designed by the Brooks Founcatmn in conjunction with
the Maryland State Dept. of Zducation.

2. Pa

L8

tial Answer Processing

Preiiminary data collected by Wodtke and his associates
(65-902) indicate the importance of partial answer processing, by which
the computer in a CAI system is instiructed to ignore trivial errors and
differences in student-response formats. Student controlled pauses in
the instructional output of the system also seem important. The study
was conducted at Pennsylvania State University using remote terminals
of the IBM Yorktown system. The Socratic System also provides for
partial answer processing through the use of a subroutine called CODEX.

C. OPERATIONAL SYSTEMS

In the past three or four years computer-assisted instruction
systems have grown, more or less independently, in several labora-
tories. These pioneering examples of CAI share some common features,
such as time-sharing just described. Each also has unicue features.

In this section we list and describe several well-established systems.

In the recent past, each of the followinz systems was restricted
to the laboratory or cammwnus on whica it was generated. Recently,
however, remote terminals for several of these systems have been
installed at other laboratories and schools, scmetimes at the opposite
end of the country and even overseas. Thus, some systems can no
longer be identified solely with a particular institution, except hlstorl-
cally or administratively, but are nationwide in extent.

1. IBM Yorktown.

An extensive system 1s based cn the IBM Watson Research
Liaboratories at Yofktown, New York. This system was originated with
an IBM 650 RAMAC with a disc file for 6 million digits and 0.8 secs.
maximum access time (64-302). I/O cazpability was provided by 20
Modified Inquiry Stations Type 833. In 1964 aa IBM 1440 was sub-
stituted for the 650 (65-902, 65-803, €4-001).

Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6
5 -



Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6

Students at Pennsylvania State atd Florida State Universities
now take courses transmitted from I3M's Yorktown complex (65-902).
The course is presented at a modified electric typewriter and by
random-access slide projector and tape recorder.

v In 1965 the IBM Yorktown system was lirked by telephone wire
to terminals at the Amexr’cana Hcotel in New York City for the Ameri-

can Management Association conference on educational technology.

2. IBM Poughkeepsie

A system similar to the IBM Yorktown system is based on an
IBM 1440 at Poughkeepsie. Through raemote terminals located at
IBM offices in Philadelphia, lL.os Angeles, San Francisco and Wash-
ington, D.C., IBM customer engineers will receive training while on
call at their offices (65-1002, 65-910, 65-803). ‘

3. University of California at Irvine (UCT)

Under a joint research agreement with IBM, UCI will become
‘a2 computer laboratory for investigating all the ways in which the com-
puter can aid educational institutions (65-910).

4. Dartmouth Time-Sharing System

The Dartmouth system is presently more suited to the labora-
tory type of instruction and handles jobs from 30 remote consoles.
Equipment consists of a GE-235, a Datanet-30 Communications Con-
troller, and a dual-access disc file. The D-30 is the master computer
and schedules all non~trivial cperations in the 235. The D-30 can
communicate with the 235 or the dual-access file. In addition, the
D-30 handles I/O from and to the teletypes, allocates and releases
disc space and analyzes and responds to user commands. The 235
is used for editing, compilation, program runs, and large block
transfers from one area of the disc to another. Incoming problems
share the 235 in short bursts of time on a rctating basis,

When the system was first put into operation, only one
algebraic compiler, BASIC, was available. Subsequent additions have
included: TEACH, a system which allows an instructor to code BASIC
programs to analyze the results of a student program while the student's
program is running; a fairly compiete version of ALGOL 60; a machine-
language interpretive program called DI?; and a program maintenance
system calied EDIT. Lochner {65-303) covers the approach used to
develop the system and response by users.
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Berkeley (65-904) demoastrates the use of a remote conscle
of the Dartmouth system situated in a mathematics classroom at
Phillips Exeter Academy. The student-contrived programs for
Tic Tac Toe and Roulette are in BASIC.

5. CLASS

Tihe Computer-based Lasoratory ior Automated School System
(CLASS), developed by the System Development Corporation, pro-
vides instruction for up to 20 students under the control of a computer.
In addition to a laboratory-type course in statistical inference, CLASS
has been used for computer-based stucent counseling and field evalua-
tion of an elementary Spanish course (65-402, 64-403),

6. System 473L

System 473L is a command-control system operated by the
U.S. Air Force. It includes an automated instructional subsystem
which teaches AF console operztors the query language to be used in
communicating with main system (64-1203).

7. Edison Responsive Environment

The Edison Responsive Environment is a jam-proof electric
typewriter, slide projector, and tane recorder, all connected to &
self-contained logic network or computer. Currently the logic is not
time-shared among students, although it may be in the future. The
system is used pr1mar11y to teach pre-school children language arts
(65-502). \

8. SAKI

The best known of the machines developed in the UK by Gordon
Pask is SAKI, which instructs the student in keyboard overation
(65-103). Errors and response times were calculated by SAKI, com-
pared with standard performance and fed back to the student. It was
not a time-shared system.

9. COBIS

The Computer-Based Instructicnal System (COBIS), located
at the Electronic System Division, Harscom Air Force Base, Bedford,
Mass., is based on a DEC PPD-1(65-301). It has three principal
features: (1) A light pencil is used as the medium of communication
between the student and the computer. {(2) The student indicates his

Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6
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degree of certainty for each cl.craaiive .o L mriitinle cholice array

by adjusting the bars cf 1izht acwi oo caci. answer ona ORI screen,

{3) The computer consicers pGin the student’s answers and his

degree of certainty when branching to remedial sequences or further

steps. A special scoring system bas been deveioped for this purpose.
.

10. The Scaratic Systema

in the Socratic System, developed by Boli, Beraneic and
Newman, Irnc., around the DEC 2DP-1 comp'uter, the teacher and
student carry on a dialogue in depth (55-1001, 55-703, 65-302, 64-601,
54-503). The computer states a Hroklem, sets up conditions, asks
gquestions, provides requested datz, and answers questions, while
cbserving the student's course of action in a task. The system has
been applied to instruction in medica. diagnosis and business decision
making.

il1. SOCRATES

SOCRATES is a time-shared system developed at the Training
Research Laboratory of the University of Illincis. It is adaptive in
three ways: (1) it learns about the student as i: teaches him, (2) it
may make Gecisions about the effectivencss of “he rules used to teach
the student, and (3) it may make decisions about the criteria which
are used for evaluating performance.

The first SOCRATES student interface was put on-line in May
1964. SOCRATES uses an IBM RAMAC external disc memory of
2 million-digit capacity to supplement internal storage in an IBM 1620
computer. The system may display any of 1500 frames of film to the
student. An IBM 1800 central computer and a Westinghouse sound box
with 1000 stored one-sec. messages under computer control are on
the way (65-701, 64-1101, 64-901, 64-602).

i2. PLATO I

PLATO I is the most recent in a series of systems devised
by the Coordinated Science Laboratory at the University of Illinois,
The central computer, a CDC 1604, is connected to 20 student stations.,
The system uses an "'electrornic ook and blackboard' video display
system on which are superimposec poth opticai and CRT displays. The
basic logic is tutorial and intrinsic. Tae PLATO compiler (CATO) is
compatible with FORTRAN.

Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6
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One capability cf PLATO is Responsivas Environment Pro-
grammed _aboratory (REPLAB). A mictioa picture film is first
shown using auxiliary equipment, then PLATQO presents guestions.
Two brief programs have been used, ore in physics (6th grade) and
one in clinical methods for student nurses. A mathematics labora-
tory called PROOF is also in use (64-1001, 64-401, 62-901, 62-8062, )
62-702, 62-401). ' '

D. STUDZENT INTERFACIE EQUIPMENT ' :

Ihe student interface is the ; ur'cn-o*l, or communication link
between the student and the compuater. . .. is aa essential part of
every CAI system. All systems in the literatare reviewed are based
upon two-way communication -- indeed, cobtaiaing such an interaction
or ''conversation' between puril and computer is a major reason for
uging computers as teaching devices.

i. D1

UJ

play Technigques

The problem is twofold: the computer’s output must be displayed
to the student and the student's cutput {responses) must be fed intc the
computer. A simple way to achieve both funciions is to use an eléctric
typewriter. This was the technicue used in the early work in the IBM {
laboratories (64-302, 59-001), arnd is an alternative with the present :
IBM "Coursewriter' system (65-803, 64-001). A typewriter (teletype)
keyboard is also used for CAI with the Dartmouth Time-Sharing System
{65-903), and with the Bolt Berarek ant Newman '"Socratic System"
{65-1001, 64-601),

While a typewriter has the advantage cf being an extremely
flexible student response devise, its relatively slow speed limits its
desirability as a display for the student. This limitation has been cir-
cumvented by using a visual display with more rapid access to cormputer
storage {e.g. a CRT), by using an auditory display, and by storing
messages on film or tape and disnlaying these directly. In the latter
case, the computer is used only to cetermine the location of the message;
therefore requirements for storage capacity ars greatly reduced.

In IBM's "in house' research on their CAI system, CRT displays
are used in an experimental employee training course in two locaticns
{Washington, D, C. and San Franciscc), usiag the IBM 1050 input-cutput
gtation (65-803). Other training locatitns are using the typewriter alone.
This system uses telephone data iines for comravnication with a central i
computer, and has acditional telephons lines for direct voice comraunica- |
cion with a auman instructor. The SCCRATES system at the University
of Illinois Training Research Laboratery is scheduled to have a CRT i
display in the near future (64-1101), and CORB.S at the Air Force's De-

cision Mﬂ&@%ﬂ&%@&%@gé@w&ﬁ GlA:RDI84-00780R001300Q8003508 , 65-301).
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PLATO, developed at the Coordinated Science Laboratory,
University of Illinois, uses a unicue combinatioa of techniques
(64-702, 64-401). Basically a video display, it is described as an
"electronic book and blackboaxrd.” The '"obook" section allows indivi- :
dual microfilm slides to be displayed on the television screen, while
the students' answers to questions, etc. are presented on the same
screen in a manner analogous to writing on a blackboard. ;

~ Inits present configuration, SOCRATES employs a microfilm :
display (65-701, 65-101, 64-602). The central computer (an IBM 1620) i
controls a random access microfilm transpoxrt which displays one of
1500 instructional slides to the studert. Microfiim slides are aiso
used in the computer controlled economics games developed by the
Board of Cooperative Educational Services of Northern Westchester
County, New York (65-203)., While the basic display is a typewriter
(IBM 1050), a random access slide projector prcvides auxiliary inferm-
ation to the student.

A quite different display was utilized by Teleregister for United
Air Lines which makes coliateral use oif their "Instamatic'’ reservation
system for training ticket agents (64-404). The instructional materials
are presented in book form as muitiple-choice questions. A regular
reservation printout card is used to display answers.

A combination typewriter-voice-slide projector display is used _
in the Edison Responsive Envirornment or 'talking typewriter' (65-502). ;
The typewriter both types and names ietters and words when its keys
are properly depressed. It also displays slides of letters or words as
cues to the response of typing them.

Z. Response Technigues

A typewriter keyboard is the basic response device in the IBM
Coursewriter system (65-803), the Board of Cooperative Educaticnal
Services economics games (65-203), the Dartmouth Time-Sharing
System (65-903), and the Edison Responsive Environment {65-502).
The PLATO system also uses a typewriter {teletype) keyboard, but in
its various configurations may assign many different purposes to the
keys (64-702, 62-401). Plastic caps are placed over special purpose
keys to identify them.

Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6
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WO sysT nse keyboards otaer ther that of a standard type-
writer. SOCRA . . ..w3 fifteen buitons which may be asigned a variety

of functiorns depending on the program -- e.g. .etters, digits, yes-no,
ctc. (65-701, 65-101, 64-602). The Tecieregister-United Air Lines
system uses the ''Instamatic' agent-set keys with an overlay to reidentify
them for training (64-404).

The student reszoanses to CCBIE are mwade with a light pencil
(65-501, 65-301). A bar of light is displayed next to each muitiple-
choice answer on @ CRT. Taese bars represent the probability of
correctness of each answer, and the student indicates his degree of
certainty for each answer by ac usting .. ¢ length of the bars with nis
light pencii. Both the answer and the cegree of certainty are considered
by the comnuter when branching or advancing to the next level.

Two publications are avaiiable which consider general interiace
problems. The first, by Randa of MI'? (62-201), is concerned with
basic harcware. The second, by G.aser, Ramage and Lipson (65-1204),
deals with more specific instructioral problems and considers the choice
of ecuipment for different subject matter, for special education, and
for research.

Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6
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oI, LANGUAGES

CAI languages can be divided into programmer-oriented and
- user-oriented languages. The users in turn fall into two classes:
teachers and students. Teachzr-orignted languages, such as
COURSEWRITER, are the medium by which tae instructor tells the
computer what assertions ¢ make Tl he student, especially as &
function oI the studenti's previous red.onse(s). A student language

is the medium by which the stuceni idceracts with the computer.

When the student is to use the computer zs & ool or laboratory to
soive a problem or a sequence of >roblems, the student language may
be a com=wiler (e.g. BASIC) or a problem-oriented or simulation
language {(e.g. SEPOL}.

A. STULDENT LANGUAGES

1. BASIC. A programmerx-oriented aljebraic compiier
available ior the Dartraouth time-sharing system
{65-903). Has been use« by seconcary school students
to program games, ''Tic«Tac-Toe' and "Roulette, " on
the Dartmouth system (65-904).

2. TEACH. A system wiaich allows an instructor to analyze
the results of a stucdent's program while the student's
program is running. JUsed in the Dartmouth time-sharing
system (65-903).

3. SIMIN (Simulated Siatistical Inference Program). Used
to teach inferential statistics at Michigan State Univer-
sity; 66 types of computer outpu: are available to the
student (64-002).

4. Natural Language (e.g. Ernglish). Most query languages
take the form of artificial, quasi-English languages which
bear slight resemblance to ordinary English, but are
sufficiently simple syntactically and sufficiently mnemonic
lexically that user can mester them with iess difficulty
than more specialized languages. Keyser (63-902) and
Raphael (64-604) outline linguistic theories which increase
the possibility of the use of natural English as a query
lazguage in CAI systems.

Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6
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5. Graphic Language. Alinough che iceal is generally held
t{o be a natural languaze, e.z. Engiich, Duggar et al
£5-102, 63-1202) cite the potentizl advantages of
craphical symbclogy end .ogic flow ciagrams over

<

Znglish as a language for teaching iogic and decision
tasks to students.

1
\

B. TEACHER LANCGTAGES

1. COURSEWRITER. Preserted by IBl4 s an aid in writing
zod presenting instructioral materizl through the iBM
1401 anc'z 1410 computers and iC50 Zata Communicationg
Cwetem. Course preparacien requires no special knowledge
omputers. COURSEWRITER has a dozen basic in-
tions anc its use car ba learned in one or two hours
j. CCURSEWRITER has besceun used to program
atistics (64-302) and several other subjects.

F
03

'E"\I’“OR A teacher-oriented language and compiler for
e Socratic Sys«,em in whica language.conventions have
en chosén so as to make the intertion of the control
statements comprenensib.e to the teacher as well as the
srogrammer. Thus, the teacher may 'converse with the
computer when drawing up his instructional program in
much the same way trat tae student talks with the machine
during a lesson (64-'8(}4, 54-303)."

(D

-

3. CATO. The PLATO comriler is commpatible with FORTRAN,
facilitating its use by non-technical persons who wish to
nrepare lesscas for PLATO {64-1001).

C. PROBLEM-ORIENTED STUDENT LANGUAGES

1. STRESS {(STructural Engireering FProvlem Solver). Used
Ly the graduate class in structures ia the MIT Civil
Ingineering Dept. to design.compiete structures (64-301).

2. COGO (COcrdirated CeOmetry). Ancther problem-
oriented language used at MIT. Includes 70 special words
including '"moint, ' ‘'distaace,' '"locate,'' etc. (64-301}.

3. SEPOL (Scil Engineering Proslem-Oriented Language).

Used in MIT Civil Znzinesring Denpu. (64-301).

Approved For Release 2003/04/29 : CIA-RDP84- 00780R001300060035-6
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D. COMZFILERS

1. ALGOL 60. A programrmar-oriented compiler available
on the Dartmouth time-shearing system (65-903).

2. DIP. A machine-lanvuage intermietive program used on the

—,

Daritmouth tirae-r hnrir  svstern (65-903).

EDIT. A prograva tnalutenaace'system available on the

(S8

Darirmouth time-sharing system {(65-G603).
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IV, INSTRUCTIONAL THIEORY

Some of the systems described in Chapte: I are the result of
the systematic consideration by behavioral scientists of the facts and
theories of learning and instruciion. Such sysiems are '‘custom-
made' for iastruciion. Lris s war.ic: aviy true of the tutorial systems.

Other systems, particu.criy tas 12007atdory systems, simply
hel

represent the application of the computer s z probiem-solving tool
to didactic problem-solving as a technicue of instruction.

Whether guided by behavior theory or tie seat of their paats, each
=cision by a system designer cr a pregrammer contributing to the
sign or implementzation of a system is a contribution to a miniature
theory of iastruction. The sysiem dizgraris, ilow charts and programs
of CAI are theory fragments, or 'ogics,' based on some assumptions
about the iearning process.

At the same time, data coliected in comyputer-direcied learning
exercises are being added to the stoure of information on the instruction
and learning processes. In some s;/siems, sach as SCCRATES, = fair
amount of time is scheduled for systematic computer-controlied studies
of learning and instruction variables. In other systems, observations
on learning effectiveness are informai and incidental to application.

in reviewing the studies of learning and iastruction related to
CAI, we have sevmarated the reporte into three categories:(l} Experi-
mental studies of iearning, such as the learaning of paired asscciates,
which seem to have a direct application to CAI. (2) Analysis of tae
instructional logics om which variocus systemse are based. (3) Optimi-
zation of learning by the design and evaluation of instructional sequences
{programming).

A. STUDIES OF LEARNING

1. Pzired Associates lLLearning

Dear et al (65-304) compared & laarning-cptimization procedure
derived from a stimulus-sampling mocel and another simple presenta-
tion strategy in trainino' subjects insevarel paired-associates tasks.
The "optimal'' strategy was found to be no better than the second pro-
cedure. it appeared some redraseniztion of snort-term memory must
be incorporatec in the model. The experiments were conducted in the
SDC CLASS system. '
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izawa and Estes (65-802) found thut dhe learning of paired-
assoclate items was aifected to a maalor extent bty the ratio of rein-
forced (R} to test {T) trials and by thelr arrangement in various
repetitive secuences. For example, overall the sequence RTRT...:
avpears more nearly optimal than (L RTREKT.... A stimulus-fluctuation
model provides a somewhat better cccouat of the acquisition and re-
tention phencmena than a one-clernent model,

"
et

€4

Z. Learning

Using coaventional nsrogrammead tex:book formats, Reynolds,
Glaser, and £bma (64-1101) found learnitg sets were formed by all
icarnere using programmed insiruciicn, regard.ess of individuai
differences. 2SI research at the University of Illinois Training
Research Laboratory includes an effort to estab.ish whether a learn-
ing pattern in programmed instruction ig one of proactive inhibition
or learning set (64-602).

3. Inspection Behavior

Rothkopi (63-103) proposes a model for learning from self-
instruction programs consisting chiefly ol written sentences. The
model suggests that inspection behavicr piays a critical roie in the
effectiveness of seif-instruction prograris.

4. Comyputer Simulaticn of Human lizarning and Problem-Solvirg

Human learning and problem-solviny orocecses have been studied
by computer simulation (64-505)., ZEvens {64-1133) has devised a com-
puter program (in LISP) which solves by heuristic methods a wide
variety of intelligence test nroblems of the geometric analogy type,

LR o) -

viz: "Figure A is to Figure B as Figure C is to wkich of the following ?"
B. INSTRUCTICNAL LOGICS -

Conversational interaction as simulated on tkhe computer can be
ciassified in iwo major categories: tutorial end Socratic. In the
tuterial model, information is asserted <o the student and he is required
to respond to a question. There are tarae kinas of tutorial programs:
linear, intrinsic, and adavtive. Fcllowiaz Skinrer, in a linear pro-
gram the pace of instruction is changed no fit the student, zad stimuli
to which the stucdent responrds  iacorreciyy muyv 2e repeated. Other-
wise the linear program ireats ali studesrs alike. '
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. y’ a.ace up of a sequence of mu.tiple
g§eriion is pased on the student's

choice 1‘ter:xs toe sels

izus, oy branching, sach student

raay Lal ea c‘fercnt :Ja.,"’l tarcugl tbe dume subject-matter. The pro-
oram is adaptive in pace and in tae araount of instruction each student

:icon is based on an ex-

Sy 3l a sl

e. it the program. Sto:urow (65-702,

-&02) advoca‘tes = of af::m‘_ ve systen: in wiich cacn stimulus

is based,not oniy on the giudent ¢ rushHonges LO the program, oul ¢a als

sretutoria. characterisiics of adiittde and perscnaiity. e cails tails
an ideomorohic sysiem and nes illustreted in cperatioral terms (64-901)
the way in which different caaracteristics of .earners are used in ideo-

morphic programming (lmp.emented tw & YWo-stage decisicn process).

S much for the tutorial taccel. The second major interaction
model is the Sceratic system. As described oy Feurzeig etal (65-1001,
55-703, 65-302, 64-601, 64-3C3,, ‘he Socratic system goes beyord the
tutorial programs by allowing the student 1o raake assertions or ask
guestions < the computer. “ne comrptier bases its response to a
cuestion or assertion on iis history ol che interacticn to that point.

in the Socratic system the studzanuis to (1) deduce relationshins
among elements of a soluticn, i.e. form concepes; (2) ask questicas
and make assertions and always obiaia a meaningful response; and
{3) use natural language. The compuier control language should
{4) employ conditional expressions taking irto consideration the
history of the learner's actions, and (5} the compiler should be e&asy
for the teacher to use (65-302). The Socratic system is also, there-
fore, adarctive.

viost of the systems described in‘this resort fit into one of the
fcregoing categories, although cne mey overiap ancther. The basic
logic in PLATOII is tuterial and intrinsic, bat the student can coutrol
the presentation with spec;ax function keys inciuding "reverse' which
permits review of slides, "help, " and "aha' which permits termina-
tion of a ""nelp" sequence {62-401).
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CLATO I is a tutorial program fike (PLATO II, but it orovides
to eight help or error correction sequances instead of one.

also be inserted. These comoere student performs

ance with specif ed criteria ancd trinch twradditicnal expository
materials uniii the criteria arve ranei. “'ha oregrara is thus rmade more
adaptive {64-707" . In a PLATO NI Inciify Trainrg Program a motion

jpicture is firce saown using auxiliary ecuitmen.. Tnen PLLATO pre-
sents questions. The studernt mcy7 (ry .0 answer Or requesc additional
information (64-401). :

COURSEVIRITER is also tutcrial and intrinsic (64-001). An early
realization of an adaptive logic in a teaching machine was brought off

By Peask in SAXKI (65-103).

Z. ZIMULATION

cIilve s L tuloriai drogram, Or even as the
Jocratic syste‘m. In some appiications tlhie compater creates a simu-

¥
13

3

o
Ll\
&
®
0
,.J
(D

iated environment and provides an ooportunity for tae stucent to inter-
act with that environment, .‘earning by tritl and error.

For examyple, the computer mdy simulate a leboratory in which the
student is able to initiate the same operations he would in a real labora-
tory. SDC has created a simulated laboratory fcr statistics (65-402,
54-002). The WMIT Dept. of Civii Engireering has developed structures
and stress problems waich undergrzduate and graduate stucents solve
on the computer (64-501). In the MIT appa.ications, the computer not
only creates tae simulated environment, but is used as a tool in the
golution of the problem, in much the same way it will be used to solve
a real engineeriag problem.

iBWM and the Board of Cocperative Educationa. Services (BOCES)
in Northern Westchester County have ceveioped a s1mulated environ-
ment for teaching economice to etemerntazy school students (65-201,
54-1202). The purpose of this simulation is to develop in the student
(1} an understanding of the precesses at Wwork in a developing civiliza-
tion, and (2} the ability to make cecisions regarciag multifactored
situations, taking account cf several conrlicting values or goals. The
student assumes the role of a priesi-king:of a Sumerian city-state in
3500 B.C. Through a remote typewriter terminaz, the computer
{I324 7090} gives him econcmlc corditions anc zsks for decisions {e.g.
How much of this year's grain harvest skculd be set aside for next
vear's siantinz ?). BOCXS has a sccord simulaticn, the Sierre Leone
Deveioymeﬂt dee, in develczment (65-L03).

Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6
20



Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6

The Socratic Systera also creates & siraiiated environraent
OOl 64- E;O‘, €4 - 6(“;“ For exaxmpla, for instruction in mecical
408 M. Tac..ifies are simulated.

Luinze.s is simalated. Unlike the
S Ll . zconorane games, the Socratic
1ia i . erviorrnance in iwne feedback,

Crre cuwe LI ovas instruction. This

ceal env.roasnnent waen an inscructor ie

i LurnmnnTy, AL programs may be zrrangel on & continuem

iiending irom tae L--gh;y C¢irective prograras, suca as COURSE-
2t one ond, tc the nca-direécuve at the other, such as the

engirecering problems. The Socra:ic System, the Sumerian
=8 SINMEN lie somewnere ia between these twe exiremes,

Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6

[Ps

!



Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6
V. FRCGRAMMING

A, SECQUENCE VARIABLES

In struciuring a nrozram, ever a linear prograri, sequence
least nres Ci o Sued ra atec to (1) thre nature of
(3) the presence or

't.'bco:ccei;‘cs ;o te leariec. ”hen ae must ge-
be preseated as rulee, examples, or both.
ine vne secuir o of welnforced and non-

inciudiag tae ::epec t.on of reinforced iterms

ag review frames. Hickey and Newter (o4-1J3) have discriminated

en taese variadles in a stacy of tue structure of the knowledge

()
(¢}
ot
<
]
o

the relationshin between a multi-d.raensional knowledge
the one~dimernsiconal ceachiaz sequsance.

; of cecrence variables, some invest-

;.\ll
U
[¢
ky
b
[Q\l
8]
of
M)
pnt
o
[}
[oR
Fae
[¢]
“

~ o1 o

irators have iound di:ler ences irn learring efiectiveness, others have
nct. Sto:urow and his collieazuas 54~'.70'i) foind no difference in

rning eflectiveness as a resu.t of drior experience with three
cifferent components of a subsecuent.y iearnzd mathematics task.

Nor did the order in which itemse adpaared in a program seem to make
a difierence in learning when onz sequence is considered craerly and
“he other rancom. Newton and Hickey (64-1G3) report some effects,
nowever. Using 12 versions of a 59-irame rrogram teaching a concept
in cconomics, they varied tne order and position of subconcepts and
tie direction of the program with respect to definitions. The segueace
variables cid not a;Iect error rate, kut scme did affect time {c com-
wlete the program and achievement,

L‘J

PR

; _zridan and Mayer (65-305, 63-1202) and Bio-Dynamics, Inc.,
5-403) cescribe a phylogenic strategy fcr sequencing the content cf a
ogram that teaches the functicn anc structure of a system. Fo.low-
1ng the phyiogenic sequence, tae traincee beaaves as an invenior,
causing tae subject system to proceed in its development through the
various stages, or ''phyla,’' in its evo.ution, either hypothetical or
real.

m
SU
@]
ot
o
=
[
Ul
1
( Al
<
W
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o]

Cortent sequence wae invecstireied by Oe
wnizsd aeicciates learning exgerimeris. Cne 0'3tiz*,1ization theory Jor

B A L g, E PO PSR - D R
[ ceceniaticon of stimulde LTims WELe sasec o e sul

mwocel of @ learning experirnent. Fowever, 1nis sirateg7 was not
icund sunevior toc anoiher sirap.c vrearniatioa sirategy wien the two
e

viere cornpared experimentallv. It adseared sciae representatiorn of
chori-term memory must be incorsoratec in tae model.
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Leiil ca the tonic of contend S'=qt:3ﬁce, stolurow (64-002)
: ingiruciion sequences ganer-
rreeporginy to traditiora: concepts of learniag

a
tneory. In Oone STUGY he 30USLT U0 ceteranne whether an undesirvable
r

leczrning patiern generated by a nrogram was one of proactive ianibition
or icarning set.

moad Teviews ia rarmmed instructicn,

Xevnolds et aly {(b4-1204 } found that renetiiion above the uvsual level in
' gram is of no benefit; but thet spaced review is potentiaily

[ h

n srograx.med instructicn
rames, «nd non-reinforced or
302 studicd the optirszl sequenc-
:d'associates. The course of
R's to T's end by their arrange-

I e

Overa.l th.e secrence RTRT... appears

os ey azluce that a stimulus-fluctuation
mocel gives 2 better accoun: of acculsition and reteniion vhenomena

Ey comvared taree intervals cf delay be-
resentaiion ar.d subseguent testing. In the
he stimaius item ’be':'cle the test frame; in

frame; and in tae taird oniy the correct ans-

N

c
wer was exposed after S resnondea. Tnere was an efiect on errors in
i gram, but not on achievement. ir. any case, however, seli-

testing was superior to no seli-testingy.
3. DECISION STRUCTURE
~. Jiacivuctional Aliernatives
Linenr programs give a.l studenis the same instructional met-

criai. To accommodate iadividual diferences, intrinsic, pranching
o adamive rregrams may make zvai.able zalternative matarials

ng the selection of material oz the student’s most recent response

e

)

or on a more extensive reSnonse historyy. For example, to instruct

rce formation reirieval svstem in the cuery

o)

computer-

o
uses ia the system, (Clavr a2t al (o4-:203) usad
. - FRRA & 2 PO A
1 notrunk't braaching

""'m;ln trunk’’ was tne linexr wregray including nretest,

Serlaesince,; arnd DOSLILET.
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tween iternaiive stirnvius meaterials may

of cueing or arorapiiig, the amount of in~
ticn of segular irames, and

=4
irames {step size), Trepel
i remedial frames. Cl:ser and 2is associa.es
Y ot demonstrat: 2o ircrease in rearning eificiency for
meinods over a straigi. Lnear program. Sress and
c verise tre aracent ol prompiling in a program
Lute g the araount of prompt.ng
twaiicn into groups homo-
»'&lil‘t’:‘z’.’k&:‘;'ﬁ . Siciurow et ;1
tirre on a large-step proO-
e between periormance ¢a
of acalevemendi, ;

aveilebie -0 tie £iudent 1n an intrinsic prograr.

3 a significent diiference among tne three amour nts wita
¢ to comm.ete the Program OF achievemeric.

student's mosiirecerns response, OTr On a m:ore
Several iogics Jcr the selection of mat-

‘-‘“L@ic ané: adap’;ive nrograrns base the seleciion of alter-
D

erials at cach step in a preogram dava deen proposed. ina computer-:

study cf speed reading, b‘i‘roLo (64~504) based the cnoice of
Y £ i

&S

insiructionsl material on a statisticas evaivation of the stucdent's toial
Lehavior in comparison with other stacencs’ total behaviors, the:
statistics changing as new students tOOK the course. :

Shuford {65-501) end Baker (66-301) 1ave descr:iped a decision
ucture by which the computer considers Lotn the stucent's answers
nd his degree of certainiy wnen draaching to rermedial sequences or

<28

T
o

o

further steps. up'—mal scoring system has been developed for this
purpose. No 'errors’' arve raade by e student. He progresses

through levels of certainty and the computer always acts in the
direction of raising hie certainty.

C. FRAME CONSTRUCTION

4ermire the effect of formal,
tative terms Thatl z:.:_)';ear in programmsad 1nstrw-"tion

e
Y 9%
3
&

terano Were alphly inconuistent with the forme
CTAS, Lees wd 2T ILTol mode sI8D jaCgements Lnat were racorrect, out

later were more deiiberate. & modavate level of incompatinility.
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Sigieow and nis associaLes (04-T0 L) resost ao congistent %
“rosols Lo owert ang covert

in ma-‘cnematics. In:
netruction materiai

& Ui LLthle nOGes f0r learrning .

[RCIVAS VRGOS O YOI o Py

T2 sen-

;:t:'c:s;:,ﬂ; temporal contliguity asg 1.z 3133 sgeciation- -

srinciple. The model prenoses taat inscacticn behavior plasys
2 criticel roie in deterraining U . 5el +
STOETANS
2 LS.

{£5- .00 repert that 30 hours were required
rammar 10 prepare tne needical case
n of the Socratic System to instrucéiion
ddivional 30 beurs ¢f computer programming
n were neadet, 3.us several nours for editing

2

student’s vocebulary consists of 40 questions
nts.
) ves one hour ol lasiruction per week, or!
one wWeek per vear, is a reasonablae prouabnan standard for the develop-
ment of programmed instruction meatarigls. He concludes that, unless
i

is automated, it williciten he necessary to resort
ds of instruction. "xe describes a ssven-step pro-
cziure he nas folicwead for gradually autamating instruction which he
stantiel amounts of Hrogramming effort.

to juuge,
iOor s
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vorrammed instruction

ed as a basis for accepiing
(% raizted this question to
lzrgs number of hynotheses.
i Wide variazions
swme o vere observed in termns of |

rz.enilon of waucceptabie

& 02 aw iarge as practicals
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Vi. EVALUATION

The ultimate criterion for automated instruction is student
achievement per unit time and cost, but there are many intermediate
or related criteria, such as error rate, reaction time, data rate
requirement placed on the system, student reaction, etc. Eight per-

formance criteria are discussed in connection with the evaluation of
PLATOII (62-702).

Several investigators have compared the learning effective-
ness of CAI and more conventional instruction. At the University of
Illinois, nine students in an introductory course in digital computers
took three lessons via PLATO II. Their examination grades parel-

leled those of the rest of the class and they were enthusiastic about
CAI (62-702).

.Grubb and Selfridge (64-302) have described a typical experi-
mental design used to compare CAI performance with instruction via
programmed text or lecture. The three performance criteria were
mean instruction time, mean review time, and average achievement
score. The course was the first half of a one-semester course in
psychological statistics. Students under CAI covered the material in
5.3 hrs. compared with 49 hrs. for the lecture mode and 12.2 hrs.
for the programmed text. The average achievement score in the CAI
mode was 94.3 compared with 58.4 in the lecture mode. ‘

Student reactions to CAI were reported by Wodtke and his
associates (65-902) who found that some students, especially low
achievers, considered the CAI presentation on a remote terminal of
the IBM Yorktown system too rapid. They suggest student-controlled
pauses.

Approved For Release 2003/04/29 : CIA-RDP84-00780R001300060035-6
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VII, ADMINISTRATION

Based on PLATO system experience, Stolurow (64-402)
believes CAI may be made available for as little as 10 cents per
student hour.

Grubb (65-906) points to the economic advantage of assign-
ing two students instead of one to each CAI terminal. He investigated
the pairing of students in a CAI course in statistics. His results
indicate that students paired on the basis of their College Entrance
Examination Board verbal scores will do as well on the final examin-
ation as students who study individually at the CAI terminals.
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APPENDIX A

CAI Subject Matter

Subject

Mathematics and Statistics
Algebra, UICSM
Arithmetic, binary
Mathematics: Algebraic proof

Number squaring and cubing

Statistics

Statistics, inferential
History

History, American
Languages

English

Logic: Syllogisms

Spanish
Science

Medical diagnosis

Physics: Bi-metal strip expt.

Science, elementary
Economics

Economics
Business and Accounting

Accounting

Engineering
Structures

Call No.

222/ F897
101/R234
424/C778D
424/C778C
730/M266
730/M266
730/G885
644/G885
022/F948
116/C324

730/M266

730/M266
400/F841
116/C324

435/¥426
434/5975 -
433/F426
424/C778D
424/C778C
444/W769

448/M739
424/C778

430/ F426

746/M414

Serial No. -

64-204
59-001
64-1001
64-702
65-910
65-910
65-906
64-302
64-002
65-402

65-910

65-910
65-908
65-402

64-601
65-1001
64-804
64-1001
64-702
65-202

65-201
64-1202

64-503

64-301
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Subject

Computer Technology
Computer approaches to
engineering problems
Computer programming (473L)
Computer use
Computers, digital

Games
Bridge
Roulette
Tic-Tac-Roe

Reading and Spelling
Reading

Spelling

Skills
Keyboard operation
Metal surfaces, smoothness of
Nonverbal sounds v
Nursing, clinical methods in
Task logic
Typing

Approved For Release 2003/04/29
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Call No. Serial No.
746/M414 64-301
644/C589 64-1203
644 /M468 65-801
424/CT78A 62-702
730/M266 65-910
731/B512 65-904
731/B512 65-904
730/M266 65-910
640/1P651 65-502
411/5919 64-504
730/M266 65-910
620/E97 65-103
420/M191 63-901
328/5975 62-601
424/C778B 64-401
118/5552 63-1202
640/P651 65-502
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APPENDIX B
INSTITUTIONS WITH CAIL
Institution

Stanford Univ. (Stan.)

System Development Corp. (SDC)

Carnegie Inst. of Technology

Electronic Systems Div., Air Force (ESD)

Bolt, Beranek and Newman (BBN)

Univ. of Illinois, Training Research Lab (TRL)

Univ. of Illinois, Coordinated Science Lab (CSL)

Mass. Inst. of Tech., Civil Eng'g. Dept. (MIT/CE)

Mass. Inst. of Tech., Operations Rech.Grp. (MIT/OR)

Mass. Inst. of Tech., Project MAC (MIT/MACQ)

Mass. Inst. of Tech., (MIT/ESL)

IBM Watson Rsch. Lab. (IBM/York.)

IBM Poughkeepsie

IBM Advanced Systems Div. (IBM/Los Gatos)

Univ. of Pittsburgh, Learning Research and
Development Center (Pitts/LRDC)

United Air Lines (UAL)

Brooks Foundation

Bell Tel. Labs (BTL)

Penn. State Univ. (PSU)

Florida State Univ. (FSU)

Harvard Univ. Computation Center (Harv.)

Univ. Calif., Santa Barbara (UCSB)

Univ. Calif., Los Angeles (UCLA)

Univ. Calif., Irvine (UCI)

Univ. of Omaha (UO)

McGraw-Edison

Board of Coop. Educational Services (BOCES) of
North Westchester County

System

Stanford I & II
CLASS

COBIS

Socratic System .
SOCRATES
PLATO

MAC

IBM Yorktown
IBM Poughkeepsie

Instamatic

IBM Yorktown
IBM Yorktown
TACT

ERE
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APPENDIX C

CENTRAL COMPUTERS

GE-235 & D-30. Central equipment in the Dartmouth system.

The D-30 is the master computer and schedules all nontrivial
operations in the 235. The D-30 can communicate with the

235 or the dual access file and handles I/O from and to the
teletypes, allocates and releases disc space and analyzes and
responds to user commands. The 235 is used for editing, com-
pilation, program runs, and large block transfers from one
area of the disc to another. Incoming problems share the 235
in short bursts of time on a rotating basis (65-903).

IBM 1440, Central computer in the IBM system at the IBM
Watson Liabs, Yorktown, N.Y. Also connected to Penn State

Univ., Florida State Univ. (65-902, 65-803, 64-001).
Central computer in the IBM time-shared system at Pough-
keepsie, N.Y., with student stations in Philadelphia, Los
Angeles, San Francisco, and Washington, D. C. (65-803).

IBM 7094. Two 94's located in the Computation Center and

Project MAC at MIT are connected to typewriters in Rm 1- 150

the Civil Engineering Dept. (64-301).

IBM 1620. Rm 1-150 in the MIT Civil Engineering Dept. con-
tains an IBM 1620 (360,000 bit memory plus 32,000,000 bit
disc pack) (63-301). SOCRATES has been developed on a 1620
with 2 million digit RAMAC disc memory at the Univ. of Illinois
Training Research Lab. (64-602).

IBM 650. Before changing over to the present 1410-1440, the
IBM Yorktown system was based on an IBM 650 RAMAC with
disc file for 6 million digits and 0.8 max. access time (64-302,
59-001).

IBM 1401 or 1410. The Air Force Electronic Systems Division

used the System 473L computer (IBM 1401 or 1410) to teach
console operators the query language used by the operators to
retrieve information from the 473L system (64-1203).
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10.

11.

12.

13.

IBM 7090. The Board of Coop. Educational Services
{BOCES) of Northern Westchester County used an
IBM 7090 time-sharing system to present computer-

based economics games to sixth-grade students
(65-203, 65-202). ‘

DEC PDP-1. Central computer in the BBN Socratic
System at Bolt Beranek and Newman (64-601, 62-601)
and in the Stanford Univ. system (65-001).

CDC 1604. The central computer for PLATO III (64-1202,

64-1001, 64-401).

ILLIAC. The central computer for PLATO I and 1I.

(64-1202, 62-401).

Bendix G-20. Installed in Carnegie Institute of Tech-
nology Computation Center for use as a teaching machine
for students in mastering certain drill problems in math.,
engineering, and physical sciences (61-701).

UMShN. Central computer in the Radon complex at the

Academy of Sciences of the Ukraine (64-201).

Ural-1. Central computer at the Kiev Higher Radio-

technical Engineering School (64-201).
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